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Abbreviations {#nc005}
=============

ASD

:   Atrial Septal Defect

IAS

:   Interatrial Septum

PDA

:   Patent Ductus Arteriosus

PM VSD

:   Perimemberanous Ventricular Septal Defect

HB

:   Heart Block

ASO

:   Atrial Septal Occluder

AE

:   Adverse Event

CP

:   Cardiac Perforation

Introduction {#s0005}
============

Atrial septal defects (ASDs) have a reported prevalence of 10% among congenital heart defects and if left untreated, although recognized as a benign disease, can contribute to significant morbidity and mortality [@b0005], [@b0010].

For many decades, surgical intervention for ASD has been accepted as the standard treatment with excellent outcomes. However, although surgical treatment is safe, it is associated with morbidity and thoracotomy scars [@b0015]. Successful nonsurgical closure of ASD was first described in 1974 by King and Mills [@b0020]. Many studies have demonstrated that individual devices provide safe and efficacious alternatives to surgical closure of secundum ASD [@b0025], [@b0030], [@b0035]. In developing countries, obstacles to surgical procedures include the limited number of intensive care unit beds, cardiac surgeons, intensivists, and other resources. Therefore, current advances in nonsurgical treatment of ASD with devices have become the treatment of choice in countries with limited resources [@b0040]. In this study, we evaluated the acute and short-term outcomes of transcatheter closure of ASD in children and adolescents during the first 4-years experience in two centers in Egypt at Sohag and Assiut University Hospitals.

Methods {#s0010}
=======

Study design {#s0015}
------------

The present study was designed as a retrospective cohort study that included 135 patients in two referral centers in Egypt. Informed consent was obtained from parents of children and adolescents. The local ethics committees approved this study.

Inclusion criteria included children and adolescents with a clinical diagnosis of single or multiple ASDs with left-to-right shunt and right ventricular volume overload on echocardiography.

Occluders {#s0020}
---------

The amplatzer septal occluder (ASO), cribriform ASD occluder and delivery system (AGA Medical, Golden Valley, MN, USA) have been used in most patients. The Figulla--Occlutech Device (FOD; Occlutech, Jena, Germany) was implanted only in three patients. The reason for the choice of ASO in most of the cases of this series in the intial experience of these centers is due to its ease of use and relatively short learning curve for practitioners\' training.

Preimplantation protocol {#s0025}
------------------------

All patients were evaluated with transthoracic two-dimensional and color Doppler echocardiography with multiple subxyphoid and precordial windows. Each of the following criteria had to be fulfilled prior to inclusion: (1) the presence of a single or multiple ostium secundum ASDs with left-to-right shunt and right ventricular volume overload on echocardiography; (2) a distance of \> 5 mm from the margins of the defect to the mitral and tricuspid valves, superior vena cava, right upper pulmonary vein, and coronary sinus; (3) ASD size \> 8 mm; and (4) adequate interatrial septal length, measured mainly by multiplane transthoracic echocardiography (TTE).

Exclusion criteria included other types of ASDs (sinus venosus or ostium primum), associated cardiac diseases that required surgical repair, pulmonary vascular resistance \>8 Woods Units , and active infectious diseases. The patients underwent ASD closure but the procedure was aborted due to secundum ASDs that were considered to be unsuitable for transcatheter closure: too large in relation to the size of the patient, especially in small (10--15 kg) children in whom the ratio of device/body weight was \>1.5; ASDs with defecient contralateral rims.

Routine examination before catheterization included standard 12-lead electrocardiography, chest X-ray, and TTE. Complete blood counts, prothrombin time, prothrombin concentration, partial thromboplastin time, and international normalized ratio were performed to exclude bleeding disorders.

Procedure {#s0030}
---------

All patients received intravenous claforan injection (50 mg/kg) and unysun (*ampicillin*/*sulbactam*) (100 mg/kg) 30 min before the procedure. Intravenous heparin was injected (100 mg/kg) to achieve a therapeutic level of anticoagulation (activated clotting time \>250 s).

The procedure was performed under general anesthesia. The device was deployed under fluoroscopy; LAO (left anterior oblique) cranial (35°, 30°) and TEE (transoesophageal echocardiography) guidance ([Fig. 1](#f0005){ref-type="fig"}). Multiplane TEE using Vivid S5 ultrasound systems (GE Medical Systems, Horton, Norway) was performed in all patients except two small children with good rims, in whom the procedure was done under TTE guidance. The dimensions of the defect were measured in various imaging planes of TEE. The maximal diameter of the defect was measured using atrial end-diastolic frames in 0°, 45°, 90°, and 135°. In the presence of a floppy and mobile rim, measurement of defect diameter was made between steadier and firm rims and the color flow jet width across the defect was also measured to provide supplementary information. The largest measurment was used to select device size. A device was choosed that was 20--25% larger than the largest diameter. Twenty percent was chosen if all rims of secundum ASD were preserved, except the retroaortic rim. Twenty-five percent was chosen in case of presence of two defecient rims. In small children aged \<5 years, the device was used that equal or maximum 2mm larger than the largest measurment of secundum ASD. The balloon sizing was not used in assessment of defect size. Device implantation was performed using several established techniques according to previously published protocols [@b0045]. Figure 1Large atrial septal defect using TEE monitoring: (A) Short axis view showing the diameter of defect was 2.3 mm. (B) Short axis view showing good position of device after its deployment. TEE = transesophageal echocardiography.

Patients were monitored for 24 hours and TTE with color Doppler was performed after 24 hours to assess the device position, presence of residual shunting, and the relation of the device to adjacent structures. Patients were discharged 48 hours after the procedure. Low-dose aspirin (3--5 mg/kg/day) was given for 6 months. Clopidogrel (2 mg/kg) was administered for 2 months in adolescent patients. Infective endocarditis prophylaxis was advised for 6 months after device implantation.

Follow-up clinical visits were carried out at 1 week, 1 month, 3 months, 6 months and 12 months, and annually thereafter.

We used previously established and tested definitions for adverse events severity for this study that ranged from levels 1 to 5. For this analysis, clinically important higher severity adverse events were defined as level 4 or 5 [@b0050], [@b0055].

Results {#s0035}
=======

Between April 2012 and May 2016, transcatheter closure of secundum ASD was attempted in 135 patients. The patient demographic data are summarized in [Table 1](#t0005){ref-type="table"}. Seventy-one patients were older than 5 years of age and 63% weighed ≤15 kg. Nine patients had noncardiac comorbidity; four had Down syndrome, one had Noonan syndrome, one had kyphoscoliosis, one had thalassemia, one had renal failure on hemodialysis, and one had cerebral palsy.Table 1Demographic data of patients.VariableMedian (IQR)/no. (%)Sex (F/M)(74/61)Age (y)5 (3--9)≤571 (53%)5--1033 (24%)10--2031 (23%)  Weight (kg)17 (13--30)\<1563 (47%)\>1572 (53%)  Noncardiac comorbidity9 (6.7%)Down syndrome4Noonan syndrome1Kyphoscoliosis1Thalassemia1Renal failure and haemodiaylsis1Cerebral palsy1[^1]

[Table 2](#t0010){ref-type="table"} summarizes the ASD characteristics of the 135 cases with a single treated defect. The mean ASD size by TTE was 12.83 ± 4.48 mm, the mean ASD size by TEE was 15.24 ± 5.16 mm, and the mean device/defect ratio was 1.19 ± 0.12. Successful closure of secundum ASD was achieved in 98.5% of patients. Thirteen patients had fenestrated ASD, which was closed by Amplatzer cribriform device ([Fig. 2](#f0010){ref-type="fig"}). Nine patients had two defects with a distance \< than 7 mm. Four of them were closed by Amplatzer Cribriform device, and another five patients were closed by one device. Seventy-one of these patients (71%) had a deficient aortic rim. Two patients required a change to a larger device from their initial device. ASD in one of these patients was closed by a 28-mm device, which was replaced by a 34-mm device, and ASD in the other patient was closed first by a 20-mm device, which was replaced by a 26-mm device. The wide discrepancy between the initial selected size of the first device and the replacement device was due to underestimation of ASD size and sometimes enlargement of the defect occurred due to tearing of the septum by repeated closure attempts.Figure 2Multiple atrial septal defect closure using TEE monitoring. (A) In short axis view both defects were separated by a rim of tissue \<6 mm. (B) In 0 view good position of cribriform ASO after release of device. ASO = amplatzer septal occluder ; TEE = transesophageal echocardiography.Table 2ASD and procedure characteristics.VariableMean ± SD/no. (%)ASD diameter by TTE, mm12.83 ± 4.48ASD diameter by TEE, mm15.24 ± 5.16IAS length, mm38.13 ± 6.3Device diameter, mm20 ± 7.16Device/defect diameter1.19 ± 0.12Single defect110 (84%)Multiple defects10 (7%)Multifenestrated IAS13 (10%)Aneurysmal floppy septum14 (10.5%)Defecient retroaortic rim71 (53%)Combined procedure6 (4.4%)PDA closure2VSD closure1Pulmonary valvuloplasty3Qp/Qs1.7 ± 0.8Procedure time40 ± 15Fluroscopy time7 ± 4.3High-severity adverse events5 (3.7%)[^2]

Nine patients required a right pulmonary vein technique for closing secundum ASD. ASDs in 11 patients were closed using the left pulmonary vein. ASDs in two patients were closed by a balloon-assisted technique.

In a 2-year-old boy weighing 12 kg with an aneurysm of the interatrial septum (IAS) with multiple fenestrations, a 25-mm cribriform device was used for initial closure, with repeated prolapse of the device. The device was replaced by an 18-mm device after TEE measurement revealed a larger defect due to aneurysm avulsion, thus, the procedure was abandoned and a recommendation for elective surgical repair was made.

High-severity adverse events were recorded in five of 116 cases (3.7%), with no mortality ([Table 3](#t0015){ref-type="table"}). There was one case of device embolization of the right ventricle in a 14-year-old girl weighing 55 kg who had a large defect with a deficient inferior vena cava rim (28 mm × 26 mm), and a 32-mm device was used for closure of the defect. Successful retrieval using a snare was performed followed by elective surgical repair ([Fig. 3](#f0015){ref-type="fig"}). Massive hemopericardium and cardiac tamponade occurred in two patients at 24 hours after device deployment. The first patient was a 6-year-old boy who had a 9-mm secundum ASD that was closed by a 10-mm device. The cause of hemopericardium was not detected as no erosion was seen by TTE. The hemopericardium was treated by pericardiocentesis without device removal. The second patient was a 5-year-old girl who had a 12.5-mm secundum ASD that was closed by a 15-mm device. Pericardiocentesis was performed with accumulation that indicated surgical removal of the device. The erosion was confirmed at surgery, and its location was anteriosuperior (atrial wall--aorta).Figure 3Embolized device. (A) AP = anterioposterior view showed embolized ASO = amplatzer septal occluder in right ventricle. (B) AP view showed successful retrieval of embolized device into the sheath in IVC = inferior vena cava.Table 3Patients and procedural charecteristics with high-severity adverse events.Age (y)ASD diameter (mm)ASD device diameter (mm)Time from implantion (h)PresentationIntervention and outcome691014Chest pain, tachycardia diagnosed with pericardial effusionPericardiocentesis, no surgical device removal512.51524Collapse CPR, convulsion diagnosed with pericardial effusionPericardiocentesis followed by reaccumulation, surgical device removal3Aneurysm with multiple fenestration, largest one = 12 mmCribriform, 25Immediately after device depolymentBradycardia, 2nd degree heart blockAfter 2 d predinsolone, normal heart rate regained1118 mm3218Chest pain and discomfort, diagnosed by device embolizationTranscatheter reterieval of device419 mm24Immediately after device depolymentBradycardia, complete heart blockRecapture of device and surgical closure of ASD[^3]

Major conduction abnormality was recorded in two cases. CHB (Complete Heart Block) occurred in one patient immediately after device deployment and the heart rate recovered by the next morning. Second degree heart block occurred in a patient with Down syndrome who had IAS aneurysm with multiple fenestrations that was closed by a 25-mm Cribriform device. The condition was treated with oral steroids and resolved after 2 days. There were three minor adverse events, including: transient arrhythmia resolving spontaneously or with only catheter manipulation (two cases); and rebleeding from the access site (one case).

One patient who had an IAS aneurysm with multiple defects that were closed by a single 28-mm device, 3 mm residual remained at posterior--inferior margin of the defect that uncovered by device after implantation. The residual flow closed during follow up.

Seventy-six (65.5%) patients completed 2 years of follow-up. All patients had sinus rhythm. There was no late embolization, erosion, and thrombus formation on TTE, endocarditis, or atrioventricular valve dysfunction.

Discussion {#s0040}
==========

ASD is the second most common cause of congenital heart disease and its prevalence is ∼1.5 per 1000 live births [@b0060]. Transcatheter closure has become the method of choice to manage most patients with secundum ASDs [@b0065], [@b0070].

In this study, we evaluated procedural characteristics, and acute and mid-term outcomes encountered during percutaneous transcatheter closure of secundum ASDs in 135 children and adolescence during the first 4-years experience at two institutions in Upper Egypt. We found that high-severity AE (Advere Events) rate (levels 3--5) was 3.7% without any mortality.

In the present study, successful closure was achieved in 98.5% of cases. Small residual shunting occurred in one patient who had an IAS aneurysm with multiple defects. Balloon sizing of the defect was not performed in all cases, even in those with complex morphology of the defect, as it was recommended in previous studies [@b0075]. However, recent studies have reported the safety and feasibility of transcatheter closure of ASD without balloon sizing [@b0080], [@b0085].

In our study, there were 21 cases that had multiple or multifenestrated defects that were were closed by a single device; either Cribriform Amplatzer septal occluder or a larger device. This agrees with Hu et al. [@b0090] who reported the safety and efficacy of closure of multiple defects by a single device, with no difference from dual occluders, even though the risk of residual shunting was greater with dual occluders. However, may previous studies have recommended closure of multiple defects with a distance \>7 mm with two devices [@b0095].

The most frequent serious complications as reported in a recent analysis of the Food and Drug Administration Manufacturer and User Facility Device Experience (MAUDE) database are device dislodgement and cardiac perforation, erosion, or rupture [@b0100], [@b0105]. The rate of confirmed device erosion in the present study was 0.7%. This was higher than in a multicenter study by EL-Said et al. [@b0110], which reported a rate of device erosion of 0.5% in patients with ASO implants.

Technique-related CP (Cardiac Perforation) during catheterization is inherent to the procedure, and typically occurs before hospital discharge and is amenable to intervention. In contrast, device-related CP occurs after a technically adequate procedure, frequently after hospital discharge and has the potential for a fatal outcome [@b0100]. In the present study, hemopericardium occurred early before hospital discharge, but the technique was carried out smoothly without oversizing of the implants and the device splayed promptly over the aortic root. Therefore, no modification of the technique of the procedure occurred, and only a postponing of the discharge of patients 48 hours after the procedure with urgent echocardiography was required in case of device- related CP symptoms.

Other AEs reported in our study were device embolization and heart block. The rate of device embolization was 0.7% with successful retrieval. This rate is higher than the rate of ASO device embolization that has previously been estimated as 0.5--0.6% from MAUDE and survey data [@b0105]. El-Said et al. [@b0110] reported in a multicenter study a higher rate of device embolization of 1.5%. Heart block occurred in two patients (1.5%); one regained normal conduction with medical treatment, and normal heart rate resolved in another patient on the next morning without medical treatment. Fifteen patients (2.1%) developed heart block and 13 patients reverted to normal conduction with observation or medical treatment.

Our study had some limitations, including its retrospective nature and the small number of patients. More studies with a larger number of patients are needed to analyze the safety and efficacy of transcatheter closure of ASD in this age group.

In conclusion, transcatheter closure of secundum ASD in children and adolescents was feasible and safe in the first 4-years experience in our two centers, with good mid-term outcomes. Balloon sizing is not necessary for transcatheter closure of secundum ASD. Multiple ASDs can be closed safety by a single device.

Peer review under responsibility of King Saud University.

[^1]: F = female; IQR = interquartile range; M = male.

[^2]: ASD = atrial septal defect; IAS = interatrial septum; PDA = patent ductus arteriosus; Qp/Qs = pulmonary to systematic flow ratio; SD = standard deviation; TEE = transoesophageal echocardiography; TTE = transthoracic echocardiography; VSD = ventricular septal defect.

[^3]: ASD = atrial septal defect; CPR = cardiopulmonary resuscitation.
